Abstract
Introduction
Biological invasions are currently one of the most important environmental issues brought by globalization (Miller et al., 2010 ) and one of the major threats to biological diversity (Wilcove et al., 1998) . Facilitated by human activities intentionally or unintentionally, the biological invasions have been the result of species exchanges between many regions throughout the world (Rejmá nek 1996; McKinney & Lockwood 1999; Garcia-Serrano et al., 2007) . The increase in threats caused by invasive species on ecosystems have led to many studies focused on why some species significantly succeed in new environments where they are not native (Callaway & Ridenour 2004; van Kleunen et al., 2010; Firn et al., 2011) . A number of hypotheses about invasive mechanism have been put forward from the aspects of the interactions between plants and the biotic factors in the environments.
The Enemy Release Hypothesis (ERH) postulated that invasive plants benefit from a direct release from natural enemies resulting in an increase in distribution and abundance (Keane & Crawley 2002) . In the absence of specialist herbivores in introduced ranges, exotic plants are also less likely to be attacked by generalist herbivores in introduced ranges (Inderjit 2012).
Hence, resources previously allocated to plant defense in the native range might reallocate to growth or reproduction of the exotic plant, so leading to enhanced competitiveness, as suggested by the Evolution of Increased Competitive Ability (EICA) hypothesis (Blossey & Notzold 1995) . Moreover, the EICA emphasize that the different reallocation pattern could be kept when the native and invasive plants of the same species were under identical growing conditions. These combining of the two hypotheses (ERH/EICA) would improve understanding of the phenomenon of biological invasions (Joshi & Vrieling 2005; Kambo & Kotanen 2014) .
To test the EICA hypothesis, comparative studies between native and introduced populations of the same species are useful (McKenney et al., 2007; Handley et al., 2008; Zou et al., 2008; Turner et al., 2014) . The plant performance can be measured by various traits such as dry biomass and plant height (Blossey & Notzold 1995) , growth rate (Daehler 2003; Traveset et al., 2008 ), fecundity, survival (Daehler 2003 , etc. Studies in line with the EICA found that invasive species performed better than the invasive ones (Leger & Rice 2003; Wolfe et al., 2004; Blumenthal & Hufbauer 2007; Caño et al., 2008; Oduor et al., 2011; Turner et al. 2014) .
However, some studies found that the performance of invasive plants depends mainly on the identity of the species (Traveset et al. 2008) , and the pattern that invasive species perform better than the native one in their new ranges is not universal (Parker et al., 2013; Seipel et al., 2015) . Therefore, the EICA does not hold for all cases of invasive plant species (van Kleunen & Schmid 2003; Bossdorf et al., 2004; McKenney et al. 2007 ). It still remains unanswered questions related to what attributes make some species more invasive.
Common groundsel (Senecio vulgaris, Asteraceae), a herbaceous plant native to Europe, is suggested to be of autotetraploid originating from Senecio vernalis (2n = 20) in southern Europe (Kadereit 1984) . Senecio vulgaris can complete its life cycle in a short time, 8 weeks;
and an average of 38300 seeds are produced in each of its generation (Kempen & Graf 1981) .
Genetic variability, short generation time, the capacity for large -scale seed production and rapid germination throughout the year, are all characteristics of successful weed invaders 
Senecio vulgaris, first recorded in China in 19
th century, mainly distributes in north -eastern and south -western China, and may cause great damages to agricultural plants (barley, rape, strawberry, etc.), fruit trees and lawns in low latitudes in central China (Li & Xie 2002; Xu et al., 2012) . The morphology of S. vulgaris plant is similar to some other Senecio species used as Chinese traditional medicinal plants, so it could bring high risk to health if they are used as medicine by mistake (Yang et al., 2011) .
In this study, we carried out experiments in a greenhouse and in a common garden with S. Are there any differences between native and invasive plants in relation to dry matter content?
Materials and Methods

Plant resources
Six native and six invasive populations of S. vulgaris were sampled in Europe and China in 2012 and 2013 (Table 1) . Three mother plants were chosen from each population, and the seeds were collected from the mother plants. The seeds were air -dried and stored at room temperature in paper bags until sowing. The collected seeds were grown for the second generation in a climate room, and resulting seeds of the first flower head per plant were used in the experiment. The maternal effects in S. vulgaris would be strong and influence seeds germination and plant size (Aarssen & Burton 1990; Figueroa et al., 2010) . . We would like to remove the maternal effects by using the seeds from second generation plants grown in the climate room, instead of those collected from field.
Experimental design
We used 24 good seeds for each mother plant in this study. The total of selected seeds was 24 × 12 × 3 = 864. Four seeds of each mother plant were sown in one cell of the 12 cell boxes (size of one cell: 3.7 × 3.7 × 6 cm) filled with a moistened substrate of coconut peat (Zhenjiang Jingkou District Green Island Horticultural Development Center, Zhenjiang, Jiangsu, China) mixed with sand (1:1 by volume). The sowed seeds were moistened every day by using a small sprayer, and were germinated in a climate chamber (12h dark/12h light at 24 o C, relative humidity 80%). The first seedlings appeared two days after seed sowing.
Seedlings emergence was carefully observed and recorded every day. The seedlings were transferred to the greenhouse at the fourth day after sowing. Then, one week later, seedlings that had two true leaves were transplanted, each seedling was grown in one pot (8 × 8 × 9 cm) filled with substrate prepared as described above.
The 0.5 liter pots containing seedlings were randomly put in blocks under a roof of net to protect them from insects ( Figure S1 ). The seedlings were watered one time within two days.
When plants had 5 -8 leaves, two groups of seedlings similar in size were formed. To form each group, 3 plants from each mother plant were chosen ( Figure S2 ). The total plants were 108 and were randomly placed in each group. One group was left in the greenhouse and the other one was placed in the common garden. The plants were watered 3 times every week.
The plants in the greenhouse were treated with a solution of liquid pesticide Leguo 0.19% (Lianyungang Dongjin Chemical Co., Ltd., Jiangsu, China) 2 -3 times per week with a small sprayer. June; with the total of 31 rainy days, 27 cloudy days and 6 sunny days.
Plant harvesting and measurement
Plants were harvested individually when each of them had the first matured capitulum, or when any plants were died because of rain or disease. Various vegetative and reproductive characters were measured at harvest. We counted the number of leaves and branches of each plant, measured height (the distance from the base of the stem to the apical meristem of a plant). Each plant was cut into three parts: (1) stem and leaves, (2) root and (3) capitula. The stem and root of each plant were separated from its root crown by scissors. The capitula were separated at their stalks. The fresh weights of the three parts of each plant were separately measured at harvest by using a scale (Adventure TM OHAUS). The plant samples were dried at 50 o C in 2 consecutive days by a heat dry machine and then the dry weight of each samples were separately measured by another scale (METTLER TOLEDO) due to its high sensitivity to low weight.
Data analysis
The vegetative characters analyzed in this study were: height, number of branches and leaves;
fresh and dry weight of shoot, root, and whole plant. The reproductive characters were: the number of capitula, fresh and dry weight of capitula. The ratio between root fresh/dry weight and shoot fresh/dry weight were computed to assess how the plants allocated their resources to biomass of shoot and root. The proportions between capitula fresh/dry weight and whole plant fresh/dry weight were also calculated to assess how the plants allocated their biomass to reproductive organ. The dry matter content of the plant was analyzed by using the percentage of shoot/root dry weight to shoot/root fresh weight.
To check the differences between ranges, populations and mother plants, plant trait parameters were analyzed with a three -level nested ANOVA with range, population nested within range, and mother plant nested within population. The nested ANOVA tests were conducted for plants grown inside the greenhouse and in the common garden, separately.
The data on the vegetative and reproductive characters were analyzed with Principal component analysis (PCA) to show the differences between plants grown in the greenhouse and those grown in the common garden. The results of the PCA also showed the differences between the native and invasive plants grown in the identical conditions.
All analyses were performed in R version 3.1.2 (R Core Team 2014).
Results
Difference between the greenhouse and common garden experiments
We used Principal component analysis (PCA) to examine the difference between plants grown in the greenhouse and in the common garden. PC1 explained 51%, PC2 explained 23%
and PC3 explained 9% of the variation in the data. More than 90% of the total variation was accounted for the first 5 PCs. The plot with PC1 and PC2 and loading plots showed that plants grown in the two places are different in relation to most performance parameters (Figure 1 ).
In general, the plants grown in the common garden perform better than those grown in the greenhouse.
Greenhouse experiment
Among the plants grown in the greenhouse, the invasive plants were bigger than the native ones, because the plants from the invasive populations produced more number of branches and leaves, and more vegetative biomass (fresh/dry weight of shoot, root, and whole plant) than those from native populations. Actually, of all the vegetative parameters, only height was not significantly different between the native and invasive plants. Moreover, the invasive plants had more reproduction output than the native ones in relation to the number and fresh/dry weight of capitula (Table 2, Figure 1 ).
The invasive and native plants did not differ in respect of reproductive allocation (the proportion of biomass allocated to reproductive organs), root/shoot ratio in fresh biomass, and dry matter content. However, the invasive plants had significantly higher root/shoot ratio in dry biomass than the native ones (Table 2) .
Generally, significant differences were found at the population level but not at the mother plant level. Plants from each population were different in vegetative parameters (height, number of branches and leaves, fresh/dry weight of shoot, root and whole plant) and reproductive output (number of capitula and fresh/dry weight of capitula). However, those trait parameters did not differ between mother plants within populations (Table 2) .
Common garden experiment
The native and invasive S. vulgaris plants did not differ again in relation to their height. The number of branches leaves and capitula were not significantly different between the invasive and native plants as well. However, the invasive plants produced more vegetative and reproductive biomass than the native ones.
No significant difference was found between the native and invasive plants in respect of reproductive allocation or relative dry matter content. However, the invasive plants had significantly higher root/shoot ratio than the native ones (Table 3) .
Discussion
Although the plants grown in the common garden performed better than those grown in the greenhouse, when we compared the native and invasive plants for the two experiments separately, the trends pattern are the same: higher vegetative, reproductive biomass and root/shoot ratio was found in invasive plants, and no significant difference were found in relation to the reproduction allocation and dry matter content.
Generally, biomass is a good parameter to investigate plant performance and competitive ability of plant ( The greater root/shoot ratio of the invasive plants suggests that they could probably have higher potential of regrowth than the native ones. And it also indicated that the invasive plants could produce more pyrrolizidine alkaloids (PAs), because PAs are known to be produced in root of S. vulgaris before they are translocated to other parts of a plant (Hartmann et al., 1989; Sander & Hartmann 1989) . Hence, it is predicted that the invasive populations could have higher potential of regrowth and defense against generalist herbivores compared to the native ones.
Reproductive allocation (proportion of biomass allocated to reproductive organs) was not different between ranges in both experiments, suggesting that although the invasive populations reproduced more vigorous than the native ones, the invasive populations focused on increasing the competitive ability rather than the reproductive organs. (Xu et al. 2012 ). This long period of time could provide a chance for natural selection to act on S. vulgaris in the invasive range. The native S. vulgaris also underwent natural selection in the native range which is different from the natural selection in the invasive range. In addition, its short life -span in 8 weeks in good conditions (Kempen & Graf 1981) could bring a good chance for the natural selection with a strong effect on the S.
vulgaris. The difference in natural selection between ranges led to the genetic differentiation in some characteristics of plants. In our study case, the significant difference in vegetative, reproductive characters and proportion of biomass allocated to root/shoot among ranges could be a result of genetic differentiation which may play an important role in the invasion success.
Therefore, it is expected that a possible chance of evolution happened to the invasive populations of S. vulgaris.
Results of this study are consistent with the predictions of the EICA and ERH, suggesting that S. vulgaris in China might evolve to grow and reproduce vigorously, which contributes to the invasion success of S. vulgaris in introduced ranges. Further studies would confirm this by genetic analysis of the origination of the invasive populations of S. vulgaris in China and the genetics base of performance, especially of growth of this species. We also plan to investigate the PA variation and the resistance to herbivories among the native and invasive S. vulgaris. 
